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制御器実機と連動させる HILS(Hardware In the Loop Simulation)という手法も挙げられ
る．設計の早期段階（分析，基本設計段階）でプラントと制御器の両方をシミュレートし




(1) プラント（キーデバイス）の特性データを得る                   
(2) 得られた特性データからプラント（キーデバイス）のモデル化を行う         



























題である．                                    
 第３ステップのシミュレートは，「循環器シミュレータの開発」テーマで実践を行った．
研究室の先行研究で心臓（左心室）モデルと単一管大動脈モデルによるシミュレータが存











環が一段上への環へとスパイラルアップすることを目の当たりにすることができた．   
 以上をもって，シミュレーション駆動による問題分析手法へアプローチしたと結論づける． 
                                         
  In embedded system development and design, Model Based Design are expanding. 
Model controlled plants and controllers are modeled with block diagrams on modeling 
tools such as MATLAB / Simulink and design them step by step in detail. The 
Controller models and the plant models can be simulated by using modeling tools. By 
performing model verification by simulation, design verification feedback can be 
performed at an early stage. As a typical example, when an actual machine exists as a 
plant, a technique called RCP (Rapid Control Prototyping) can be used. In the absence 
of the actual plant, a method called HILS (Hardware In the Loop Simulation) that 
simulates the plant and interlocks with the control device at the evaluation stage can 
also be used. MILS (Model In the Loop Simulation) that simulates both plant and 
controller at design early stage (analysis stage and basic design stage) and performs 
design verification is also known. In this case, the modeling object is an industrial 
product, but the pattern of Simulation Driven Problem Analysis is to extend the 
application to natural objects, analyze the object by simulation using a modeling tool, 
for proper and deepen understanding. The following three steps are considered as 
design approach.                                                                 
(1) Data acquisition- Obtain characteristic data of plant (key device)                                  
(2) Modeling- Model the plant (key device) from the obtained characteristic data                 
(3) Simulation- Simulate and analyze the plant model by adding a control model                  
  In addition, I considered these steps to build a research cycle and go upward as a 
spiral though updating each steps. The above is based on "Taketani’s Three-stage 
Theory" in the progress of science. The three stages consist of the phases of 
phenomenology, entity theory and essential theory. If you consider this as a planetary 
movement, the phenomenological stage is similar to Tycho Brahe's astronomical 
observation, the entity theory stage is the discovery of Kepler's three Laws of 
planetary motion, and the essential theory is similar to the discovery of Newton's 
universal gravitational force. The above first and second steps correspond to the 
phenomenological theory and the entity theory stage. The third step is changed as 
essential theory stage, I introduced the step to analyze the target plant by simulation 
using the model created using the modern developed computer and object-oriented 
modeling tool, and caught it as an essential theory approach step. Although for 
different research themes, I was fortunate to practice the research theme that belongs 
to the three steps I thought at the school term. I will present the practical contents 
and introduce the approaches to the above method.                                      
  The first step of data acquisition was practiced under the theme of "On-line 
Measurement System for Internal Resistance in Lead Acid Battery" theme. By 
charging the lead battery while giving pulses, data acquisition was carried out to 
check the possibility to extend the lead battery life. Conventionally, there were only 
short-term automatic measurements or long-term manual measurements, and the life 
extension effect was unclear. An internal resistance measurement circuit was 
prepared using a DC four-terminal method, six sets of IoT type measuring 
instruments were constructed, and automatic measurement was carried out for six 
months. While weak, we were able to confirm the prolongation effect of lead battery by 
pulse. Modeling including data acquisition by measurement continuation and internal 
resistance variation due to pulse influence is the next task.                                                                
  The second step of modeling was practiced under the theme of "Modeling of a 
Lithium-Ion Capacitor in a Model-Based Design". In the previous laboratory research, 
data acquisition of lithium ion capacitor charge / discharge data and creation of control 
model of charge / discharge circuit were completed. However, there is no simple plant 
model that can be applied to the basic design, and the creation of a simple plant model 
that reproduces charge and discharge characteristics has been a problem. Focusing on 
the capacitance dependence on the charge / discharge current, we made a simple 
model consisting of three elements of one variable capacitance and two resistors. The 
accuracy of charge / discharge characteristics was evaluated, and high accuracy of 
correlation coefficient of 0.9986 or more was confirmed. The next challenge is motor 
drive and power regeneration simulation analysis by simulation of hybrid energy 
management system in EV using this model.                                                          
  The third step of simulation was practiced under the theme of "Development of 
Cardiovascular Simulator". A simulator based on the heart (left ventricle) model and 
single pipe aorta model existed in the laboratory precedent study. Here, an 
asymmetric T-shaped aorta model of Campbell '90 was combined and simulation was 
performed. After confirming the simulation result according to the blood vessel type of 
Murgo '80 classification, we analyzed the pulse wave of the central aorta determined 
by the model into the forward wave and the backward wave, and used it to find the 
blood pressure at the end of the aorta. From this analysis result, the transfer function 
between the aortic end and the central part was reproduced. From this, it was possible 
to confirm the theoretical foundation from which the pulse wave of the central part 
which is medically interesting can be obtained from the pulse wave at the end of the 
aorta. Also, the understanding of the blood flow dynamics of the aortic wave between 
the head and the body was deepened. Furthermore, the understanding of the 
dynamics of the forward wave and the backward wave in the aorta has deepened. The 
next task is to measure the actual pulse wave at the aorta end and to estimate the 
pulse wave at the center of the aorta.                                               
  As mentioned above, I practiced all three steps I thought. In addition, through the 
problem analysis of the third step, the understanding of the aorta plant has deepened, 
and the development of the "Wearable Central Blood-Pressure Gauge" is started. By 
practicing the third step, we are able to go spirally upward through the research cycle.                                                                          
  Based on the above, I conclude that the Simulation Driven Problem Analysis was 
approached.                                                                      
 
